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later developmental health outcomes in children.

Objectives: Prenatal intake of alcohol and tobacco have been associated with negative outcomes in children. Con-
sumption of alcohol while breastfeeding has also been associated with dose-dependent decreases in abstract reason-
ing ability and academic scores in children at later ages. Using longitudinal data from The Growing Up in Australia
Study, the current study aimed to investigate whether intake of alcohol or tobacco while breastfeeding was related to

Results: Multivariable linear regression analyses were performed on a sample of 2008 babies who were actively
breastfeeding at study entry and 4679 babies who had been breastfed at any time (actively breastfed babies com-
bined with babies who had been previously breastfed). Only a diagnosis of Autism spectrum disorder and Attention
deficit disorder were associated with lower developmental health outcomes. Neither maternal alcohol consumption
nor tobacco smoking while breastfeeding were associated with developmental health outcomes at 6-7 years old or
10-11 years old for either sample group. A relationship between maternal consumption of alcohol or tobacco smok-
ing while breastfeeding and later developmental health outcomes in children was not identified.
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Introduction
Both alcohol [1] and nicotine [2] pass quickly through to
breastmilk. The concentration of alcohol in breastmilk is
similar to maternal blood alcohol concentration (BAC)
[1]. Nicotine concentration in breastmilk may be higher
than maternal BAC [2], and both alcohol and nicotine
reduce milk production [3, 4]. Nicotine is also associated
with changes in breastmilk composition and taste [3],
which may further impact infant feeding and nutritional
intake.

Smoking during lactation has been associated with
dose-dependent reductions in human milk iodine content
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[5]. Maternal smoking may also be related to lower birth
weight [6], and earlier weaning [7]. Furthermore, prenatal
exposure to tobacco smoke has been associated with an
increased risk of Attention Deficit/Hyperactivity Disor-
der (ADHD) both individually, and incrementally in chil-
dren who have ADHD risk gene variants [8].

An infant’s sleeping and feeding patterns may be dis-
rupted by maternal alcohol consumption during lacta-
tion [9, 10]. A case study also described an infant who
developed a Pseudo-Cushing syndrome following high
alcohol consumption of the mother while breastfeeding
[11]. Although Little et al. [12] found reduced psychomo-
tor scores at 12 months of age in babies whose mothers
drank while breastfeeding, later studies have not con-
firmed this association [13, 14].

Dose-dependent reductions in abstract reasoning abil-
ity have also been observed in children aged 6-7 years
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following maternal use of alcohol while breastfeeding
[15]. Further analyses found a similar dose-dependent
relationship between maternal alcohol consumption dur-
ing lactation and academic outcomes [16]. This suggests
that maternal alcohol consumption while breastfeeding
may dose-dependently reduce abstract reasoning ability
and academic achievement in children at later ages.

This study aimed to assess whether drinking alcohol
or smoking cigarettes during lactation adversely impacts
the physical, emotional, social, and school functioning of
children. It was hypothesised that alcohol and nicotine
use would dose-dependently lower these developmental
health scores, independent of pregnancy use.

Main text

Method

Study design, data source and study cohort

The study design, data source and cohort have been pre-
viously described [15, 16]. Briefly, data was sourced from
Growing Up in Australia: The Longitudinal Study of Aus-
tralian Children (LSAC) [17]. The current study com-
prised 5107 infants and caregivers from LSAC who were
recruited in 2004 and followed over time every 2 years in
data waves. Wave 1 represents study entry, and six data
waves were available for analyses [18, 19]. Only outcomes
from waves 4 (age 6-7 years) and 6 (age 10—11 years)
were assessed to follow previous studies and compare
findings [15, 16]. Further recruitment details are available
in LSAC Technical Paper Nol [20].

Breastfeeding

Breastfeeding status has been described previously
[15, 16]. Briefly, there were two groups of breastfeed-
ing babies. The first group comprised babies who were
breastfeeding at Wave 1 (study entry). The second group
combined babies who were breastfeeding at Wave 1 with
babies who had been breastfed prior to Wave 1, but had
stopped by the time they entered the study. Each group
was analysed separately.

Predictor variables

A modified version of the alcohol use disorders identi-
fication test (AUDIT) Alcohol Consumption Questions
(AUDIT-C) [21, 22] was given to mothers at Wave 1.
A full description of this measure has been previously
reported [15]. At Wave 1, mothers were also asked how
many days per week they had consumed alcohol during
each trimester of their pregnancy, as well as the average
quantity they had consumed on each occasion. The num-
ber of cigarettes mothers smoked on average per day at
Wave 1, and during pregnancy, were used as the meas-
ures of tobacco smoking. Further details have been previ-
ously reported [15, 16].
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Outcome variables

Developmental health outcomes were measured using
the Pediatric Quality of Life Inventory (PedsQL) Generic
Core Scales [23]. The PedsQL are a series of age-specific
23-item measurement tools designed to quantify core
indexes of health (physical, emotional and social func-
tioning) as identified by the World Health Organiza-
tion, as well as school functioning. A total PedsQL score
was calculated as the mean across all questions. Scores
ranged from 0 to 100, with higher scores indicating bet-
ter health-related quality of life [23]. The PedsQL Parent
Report for Young Children (ages 5-7 years) Acute Ver-
sion was administered at Wave 4, and the PedsQL Parent
Report for Children (ages 8—12 years) Acute Version was
administered at Wave 6. Full copies of PedsQL scales are
available via the eProvide website [24].

Control variables

Details regarding control variables have been described
previously [15]. Briefly, they included sex, child age,
maternal age, combined family income, maternal educa-
tion, birthweight, and breastfeeding duration, since these
have all been associated with cognitive or academic out-
comes in children [25-30]. The diagnosis of Attention
Deficit Disorder (ADD) (sic)/ADHD or Autism Spec-
trum Disorder (ASD; Table 1) was included as a control
variable at each wave, since both have been related to
impaired social functioning [31]. Attention Deficit Dis-
order is not a recognised disorder [32], however, LSAC
may have included it in the wording of the question to
improve communication to caregivers who were not
familiar with correct terminology. As described previ-
ously [16], in analyses of babies who had been breastfed
at any time, breastfeeding status (active or prior) was
added as a control variable to account for non-contem-
poraneous measurement of maternal modified AUDIT-C
scores and maternal smoking for infants who had ceased
breastfeeding at the time of study entry.

Statistical analyses
Statistical analyses were identical to that used previously
[15, 16], except where specified below. Data was ana-
lysed using IBM SPSS version 24. An intention-to-treat
type approach was utilised by imputing missing data
using multiple imputation (MI). Twenty-eight imputa-
tions were used since the highest proportion of missing
data for any variable was 28% (Tables 1, 2 and prior [15,
16]). The efficiency and replicability of data is increased
by matching the imputation number to missing data per-
centage when missing data is <50% [33].

Multivariable linear regression analyses were per-
formed including all predictor and control variables
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Table 1 Descriptive statistics for ASD and ADD (sic)/ADHD variables prior to Mi
Variable Response N (%)
Does child have any of these ongoing conditions? Autism, Aspergers, or other autism spectrum (sic)  No 4132 (80.9)
(Wave 4) Yes 107 (2.1)
Missing 868 (17.0)
Does child have any of these ongoing conditions? Autism, Aspergers, or other autism spectrum (sic)  No 3551 (69.5)
(Wave 6) Yes 145 (2.8)
Missing 1411 (27.6)
Does child have any of these ongoing conditions? ADD (sic)/ADHD (Wave 4) No 4173 (81.7)
Yes 66 (1.3)
Missing 868 (17.0)
Does child have any of these ongoing conditions? ADD (sic)/ADHD (Wave 6) No 3563 (69.8)
Yes 133 (2.6)
Missing 1411 (27.6)

Table 2 Descriptive statistics for PedsQL scores prior to Mi

Mean (SD) Range Missing data N (%)
PedsQL score wave 4 77.94 (13.59) 22.83-100.00 897 (17.6)
PedsQL score wave 6 80.02 (13.66) 15.28-100.00 1444 (28.3)

separately for each outcome variable. The Benjamini—
Hochberg procedure [34] was used to correct for Type I
error («=0.05, 2-tailed).

Power analyses

Only data from biological mothers and their children was
included. Following MI (d=0.2, «=0.05), 99% power
was achieved using a pooled sample size of 2008 babies
who were breastfeeding at Wave 1 and 16 independent
variables. A pooled sample of 4679 babies who had been
breastfed at any time provided >99% power with 17 inde-
pendent variables [35].

Results

Descriptive statistics (prior to Ml)

Descriptive statistics not previously reported [15, 16] are
shown in Tables 1, 2.

Wave 1 maternal alcohol consumption and tobacco smoking
prior to Mi

Descriptive statistics relating to maternal alcohol con-
sumption and tobacco smoking have been described
previously [15]. Differences in these variables between
babies who were actively breastfeeding at Wave 1 and
babies who had previously been breastfed have also been
outlined [16].

Missing data

Little’s Missing Completely at Random (MCAR)
test found that data was not MCAR, x2=28164.90,
df=6289, p=<0.0001. Previous analyses have shown
that poorly educated parents were more likely to drop
out of the LSAC study [36], suggesting data was not
missing at random and suitable for MI [37].

Babies breastfeeding at wave 1
For Wave 4, the model explained 4-6% of variance
across imputations. A diagnosis of ASD or ADD (sic)/
ADHD were both associated with lower PedsQL scores.
No other statistically significant associations were
observed (Additional file 1).

For Wave 6, the model explained 9-12% of variance
across imputations. A diagnosis of ASD or ADD (sic)/
ADHD were both associated with lower PedsQL scores.
No other statistically significant associations were
observed (Additional file 2).

Babies who had been breastfed at any time

For Wave 4, the model explained 6% of variance across
imputations. A diagnosis of ASD or ADD (sic)/ADHD
were both associated with lower PedsQL scores.
No other statistically significant associations were
observed (Additional file 3).

For Wave 6, the model explained 8-9% of variance
across imputations. A diagnosis of ASD or ADD (sic)/
ADHD were both associated with lower PedsQL scores.
No other statistically significant associations were
observed (Additional file 4).
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Discussion

Only a diagnosis of ASD or ADD (sic)/ADHD were asso-
ciated with lower PedsQL scores in both groups and at
both time points. Maternal alcohol consumption and
tobacco smoking while breastfeeding were not associ-
ated with developmental health outcomes in either sam-
ple group or time point. Similarly, alcohol and tobacco
use during pregnancy, child’s age, sex and birthweight,
mother’s age and education, combined family income,
breastfeeding duration, and breastfeeding group were not
related to PedsQL scores.

The finding that ASD and ADD (sic)/ADHD were
associated with lower PedsQL scores is consistent with
prior research. Children with ASD and ADHD have both
been shown to have poorer social skills [31]. Given that
social skills is one of the core indexes of the PedsQL [23],
decreased social functioning would also lower overall
PedsQL scores.

While no direct comparison exists, the lack of associa-
tion between breastfeeding alcohol and tobacco use and
developmental health outcomes is somewhat consist-
ent with prior research. Although associations between
maternal use of alcohol while breastfeeding and cognitive
[15] and academic [16] outcomes in children have been
identified, associations with basic infant developmen-
tal outcomes have been mixed [12—14]. Since develop-
mental screening tools incorporate aspects of physical,
emotional and social functioning, it is possible that devel-
opmental screens and the PedsQL measure some similar
constructs, albeit at different stages of childhood devel-
opment. The current study supports the finding that
maternal use of alcohol and tobacco while breastfeeding
does not uniquely impact developmental outcomes.

Conclusions

Maternal use of alcohol or tobacco were not related to
PedsQL scores at either age or in either sample group.
This is somewhat consistent with the mixed findings of
previous studies assessing infant developmental scores
[12-14], suggesting that maternal alcohol or tobacco
used while lactating are not associated with unique
developmental health outcomes in children. A diagnosis
of ASD or ADD (sic)/ADHD was associated with reduced
developmental health outcomes in children at ages
6-7 years and 10-11 years in both sample groups. This
is likely to be related to the PedsQL incorporating meas-
ures of social cognition as a core index [23]. Future stud-
ies should to seek to measure alcohol and tobacco intake
contemporaneously as well as the timing of alcohol con-
sumption relative to breastfeeding. The scope of research
assessing potential relationships between maternal use of
alcohol and tobacco while breastfeeding on children at

Page 4 of 6

later ages should also be expanded to incorporate a wider
range of cognitive and health outcomes. Given interac-
tions between prenatal tobacco exposure and ADHD (8],
it would also be interesting to examine whether exposure
to tobacco through breastmilk increases risk of ADHD.

Limitations
The study has many limitations. Measures of pregnancy
alcohol and tobacco use were retrospective and may
not be accurate representations of genuine usage. Fur-
thermore, AUDIT-C scores and tobacco smoking were
measured at Wave 1 making them contemporaneous in
the group of babies who were actively breastfeeding at
Wave 1, but not in the sample of infants who had stopped
breastfeeding by the time of study entry. This may not
have a significant impact on the current study, however,
since breastfeeding alcohol and tobacco were not related
to PedsQL scores in either of the breastfeeding groups.
Similarly, the timing of alcohol consumption relative
to feeding was not measured, and it is not known how
much, if any, ethanol was available for consumption by
the infant. While this is an important consideration, it
should not be assumed that any potential deficits caused
by maternal drinking are caused by direct consumption
of alcohol by the infant. Since it is known that maternal
use of alcohol during lactation can alter infant’s feeding
and sleeping patterns [9, 10], consumption of alcohol
could indirectly impact infants by reducing their nutri-
tional intake, or by altering their sleep/wake patterns.

Supplementary information

Supplementary information accompanies this paper at https://doi.
org/10.1186/513104-020-05072-8.

Additional file 1: Babies being breastfed at Wave 1: Regression analysis
Wave 4 PedsQL scores.

Additional file 2: Babies being breastfed at Wave 1: Regression analysis
Wave 6 PedsQL scores.

Additional file 3: Babies breastfed at any time: Regression analysis Wave
4 PedsQL scores.

Additional file 4: Babies breastfed at any time: Regression analysis Wave
6 PedsQL scores.
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